Background
In patients with stable coronary artery disease, it remains unclear whether an initial management strategy of percutaneous coronary intervention (PCI) with intensive pharmacologic therapy and lifestyle intervention (optimal medical therapy) is superior to optimal medical therapy alone in reducing the risk of cardiovascular events.
Methods
We conducted a randomized trial involving 2287 patients who had objective evidence of myocardial ischemia and significant coronary artery disease at 50 U.S. and Canadian centers. Between 1999 and 2004, we assigned 1149 patients to undergo PCI with optimal medical therapy (PCI group) and 1138 to receive optimal medical therapy alone (medical-therapy group). The primary outcome was death from any cause and nonfatal myocardial infarction during a follow-up period of 2.5 to 7.0 years (median, 4.6).
Results
There were 211 primary events in the PCI group and 202 events in the medicaltherapy group. The 4.6-year cumulative primary-event rates were 19.0% in the PCI group and 18.5% in the medical-therapy group (hazard ratio for the PCI group, 1.05; 95% confidence interval [CI] , 0.87 to 1.27; P = 0.62). There were no significant differences between the PCI group and the medical-therapy group in the composite of death, myocardial infarction, and stroke (20.0% vs. 19.5%; hazard ratio, 1.05; 95% CI, 0.87 to 1.27; P = 0.62); hospitalization for acute coronary syndrome (12.4% vs. 11.8%; hazard ratio, 1.07; 95% CI, 0.84 to 1.37; P = 0.56); or myocardial infarction (13.2% vs. 12.3%; hazard ratio, 1.13; 95% CI, 0.89 to 1.43; P = 0.33). D uring the past 30 years, the use of percutaneous coronary intervention (PCI) has become common in the initial management strategy for patients with stable coronary artery disease in North America, even though treatment guidelines advocate an initial approach with intensive medical therapy, a reduction of risk factors, and lifestyle intervention (known as optimal medical therapy). 1, 2 In 2004, more than 1 million coronary stent procedures were performed in the United States, 3 and recent registry data indicate that approximately 85% of all PCI procedures are undertaken electively in patients with stable coronary artery disease. 4 PCI reduces the incidence of death and myocardial infarction in patients who present with acute coronary syndromes, [5] [6] [7] [8] [9] [10] but similar benefit has not been shown in patients with stable coronary artery disease. [11] [12] [13] [14] [15] This issue has been studied in fewer than 3000 patients, 16 many of whom were treated before the widespread use of intracoronary stents and current standards of medical management. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Although successful PCI of flow-limiting stenoses might be expected to reduce the rate of death, myocardial infarction, and hospitalization for acute coronary syndromes, previous studies have shown only that PCI decreases the frequency of angina and improves short-term exercise performance. 11, 12, 15 Thus, the long-term prognostic effect of PCI on cardiovascular events in patients with stable coronary artery disease remains uncertain. Our study, the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) trial, was designed to determine whether PCI coupled with optimal medical therapy reduces the risk of death and nonfatal myocardial infarction in patients with stable coronary artery disease, as compared with optimal medical therapy alone.
Me thods

Study Design
The methods we used in the trial have been described previously. 29, 30 Sponsorship and oversight of the trial were provided by the Department of Veterans Affairs Cooperative Studies Program. Additional funding was provided by the Canadian Institutes of Health Research. Supplemental corporate support from several pharmaceutical companies included funding and in-kind support. All support from the pharmaceutical industry consisted of unrestricted research grants payable to the Department of Veterans Affairs.
The study protocol was approved by the human rights committee at the coordinating center and by the local institutional review board at each participating center. An independent data and safety monitoring board oversaw the conduct, safety, and efficacy of the trial. Data management and statistical analyses were performed solely by the data coordinating center with oversight by the trial executive committee, whose members, after unblinding, had full access to the data and vouch for the accuracy and completeness of the data and the analyses. The companies that provided financial support, products, or both had no role in the design, analysis, or interpretation of the study.
Study Population
Patients with stable coronary artery disease and those in whom initial Canadian Cardiovascular Society (CCS) class IV angina subsequently stabilized medically were included in the study. Entry criteria included stenosis of at least 70% in at least one proximal epicardial coronary artery and objective evidence of myocardial ischemia (substantial changes in ST-segment depression or T-wave inversion on the resting electrocardiogram or inducible ischemia with either exercise or pharmacologic vasodilator stress) or at least one coronary stenosis of at least 80% and classic angina without provocative testing. Exclusion criteria included persistent CCS class IV angina, a markedly positive stress test (substantial ST-segment depression or hypotensive response during stage 1 of the Bruce protocol), refractory heart failure or cardiogenic shock, an ejection fraction of less than 30%, revascularization within the previous 6 months, and coronary anatomy not suitable for PCI. A detailed description of the inclusion and exclusion criteria is included in the Supplementary Appendix (available with the full text of this article at www.nejm.org). Patients who were eligible for the study underwent randomization after providing written informed consent.
Treatment
Patients were randomly assigned to undergo PCI and optimal medical therapy (PCI group) or optimal medical therapy alone (medical-therapy group). A permuted-block design was used to generate random assignments within each study site along with previous coronary-artery bypass grafting (CABG) as a stratifying variable. All patients received antiplatelet therapy with aspirin at a dose of 81 to 325 mg per day or 75 mg of clopidogrel per day, if aspirin intolerance was present. Patients undergoing PCI received aspirin and clopidogrel, in accordance with accepted treatment guidelines and established practice standards. Medical antiischemic therapy in both groups included longacting metoprolol, amlodipine, and isosorbide mononitrate, alone or in combination, along with either lisinopril or losartan as standard secondary prevention. All patients received aggressive therapy to lower low-density lipoprotein (LDL) cholesterol levels (simvastatin alone or in combination with ezetimibe) with a target level of 60 to 85 mg per deciliter (1.55 to 2.20 mmol per liter). After the LDL cholesterol target was achieved, an attempt was made to raise the level of high-density lipoprotein (HDL) cholesterol to a level above 40 mg per deciliter (1.03 mmol per liter) and lower triglyceride to a level below 150 mg per deciliter (1.69 mmol per liter) with exercise, extended-release niacin, or fibrates, alone or in combination.
In patients undergoing PCI, target-lesion revascularization was always attempted, and complete revascularization was performed as clinically appropriate. Success after PCI as seen on angiography was defined as normal coronary-artery flow and less than 50% stenosis in the luminal diameter after balloon angioplasty and less than 20% after coronary stent implantation, as assessed by visual estimation of the angiograms before and after the procedure. Clinical success was defined as angiographic success plus the absence of inhospital myocardial infarction, emergency CABG, or death. Drug-eluting stents were not approved for clinical use until the final 6 months of the study, so few patients received these intracoronary devices.
Clinical Outcome
Clinical outcome was adjudicated by an independent committee whose members were unaware of treatment assignments. The primary outcome measure was a composite of death from any cause and nonfatal myocardial infarction. Secondary outcomes included a composite of death, myocardial infarction, and stroke and hospitalization for unstable angina with negative biomarkers. The angina status of patients was assessed according to the CCS classification during each visit. Further analyses of other secondary outcomes -including quality of life, the use of resources, and costeffectiveness -are being conducted but have not yet been completed.
The prespecified definition of myocardial infarction (whether periprocedural or spontaneous) required a clinical presentation consistent with an acute coronary syndrome and either new abnormal Q waves in two or more electrocardiographic leads or positive results in cardiac biomarkers. Silent myocardial infarction, as detected by abnormal Q waves, was confirmed by a core laboratory and was also included as an outcome of myocardial infarction.
Statistical Analysis
We projected composite 3-year event rates of 21.0% in the medical-therapy group and 16.4% in the PCI group (relative difference, 22%) during a followup period of 2.5 to 7.0 years. We also incorporated assumptions about crossover between study groups and loss to follow-up. 31 We estimated that the enrollment of 2270 patients would provide a power of 85% to detect the anticipated difference in the primary outcome at the 5% two-sided level of significance. A detailed description of the sample-size calculation is included in the Supplementary Appendix.
Estimates of the cumulative event rate were calculated by the Kaplan-Meier method, 32 and the primary efficacy of PCI, as compared with optimal medical therapy, was assessed by the stratified log-rank statistic. 33 The treatment effect, as measured by the hazard ratio and its associated 95% confidence interval (CI), was estimated with the use of the Cox proportional-hazards model. 34 Data for patients who were lost to follow-up were censored at the time of the last contact. Analyses were performed according to the intention-to-treat principle. Categorical variables were compared by use of the chi-square test or the Wilcoxon rank-sum test, and continuous variables were compared by use of the Student t-test. Adjusted analysis of the primary outcome was performed with the use of a Cox proportionalhazards regression model with eight preidentified covariates of interest -age, sex, race, previous myocardial infarction, extent or distribution of angiographic coronary artery disease, ejection frac-tion, presence or absence of diabetes, and health care system (Veterans Affairs or non-Veterans Affairs facility in the United States, or a Canadian facility) -as well as the stratifying variable of previous CABG. All other comparisons were unadjusted. A level of significance of less than 0.01 was used for all subgroup analyses and interactions.
R e sult s
Baseline Characteristics and Angiographic Data
Between June 1999 and January 2004, a total of 2287 patients were enrolled in the trial at 50 U.S. and Canadian centers (Fig. 1 ). Of these patients, 1149 were randomly assigned to the PCI group and 1138 to the medical-therapy group. The baseline characteristics of the patients were recently published 35 and were similar in the two groups ( Table 1 ). The median time from the first episode of angina before randomization was 5 months (median, three episodes per week, with exertion or at rest), and 58% of patients had CCS class II or III angina. A total of 2168 patients (95%) had objective evidence of myocardial ischemia, whereas the remaining 119 patients with classic angina (CCS class III) and severe coronary stenoses did not undergo ischemia testing (56 in the PCI group and 63 in the medical-therapy group). Among patients who underwent myocardial perfusion imaging at baseline, 90% had either single (23%) or multiple (67%) reversible defects for inducible ischemia. Two thirds of the patients had multivessel coronary artery disease.
Of the 1149 patients in the PCI group, 46 never underwent a procedure because the patient either declined treatment or had coronary anatomy unsuitable for PCI, as determined on clinical reassessment. In 27 patients (2%), the operator was unable to cross any lesions. PCI was attempted for 1688 lesions in 1077 patients, of whom 1006 (94%) received at least one stent. In the stent group, 590 patients (59%) received one stent and 416 (41%) more than one stent. Drug-eluting stents were used in 31 patients. On average, stenosis in the luminal diameter, as evaluated on visual assessment of angiograms, was reduced from a mean (±SD) of 83±14% to 31±34% in the 244 lesions not treated with stents and from 82±12% to 1.9±8% in the 1444 lesions treated with stents.
After PCI, successful treatment as seen on angiography was achieved in 1576 of 1688 lesions (93%), and clinical success (i.e., all lesions successfully dilated and no in-hospital complications) was achieved in 958 of 1077 patients (89%).
Medication and Treatment Targets
Patients had a high rate of receiving multiple, evidence-based therapies after randomization and during follow-up, with similar rates in both study groups (Table 2) . At the 5-year follow-up visit, 70% of subjects had an LDL cholesterol level of less than 85 mg per deciliter (2.20 mmol per liter) (median, 71±1.3 mg per deciliter [1.84±0.03 mmol per liter]); 65% and 94% had systolic and diastolic blood pressure targets of less than 130 mm Hg and 85 mm Hg, respectively; and 45% of patients with diabetes had a glycated hemoglobin level of no more than 7.0% (Table 2) . Patients had high rates of adherence to the regimen of diet, regular exercise, and smoking cessation as recommended by clinical practice guidelines, 1,2 although the mean body-mass index did not decrease.
Follow-up Period
The median follow-up period was 4.6 years (interquartile range, 3.3 to 5.7) and was similar in the two study groups, with a total of 120,895 patientmonths at risk. Only 9% of patients were lost to follow-up in the two groups (107 in the PCI group and 97 in the medical-therapy group, P = 0.51) before the occurrence of a primary outcome or the end of follow-up. Vital status was not ascertained in 194 patients (99 in the PCI group and 95 in the medical-therapy group, P = 0.81).
Primary Outcome
The primary outcome (a composite of death from any cause and nonfatal myocardial infarction) occurred in 211 patients in the PCI group and 202 patients in the medical-therapy group (Table 3) . The estimated 4.6-year cumulative primary event rates were 19.0% in the PCI group and 18.5% in the medical-therapy group (unadjusted hazard ratio for the PCI group, 1.05; 95% CI, 0.87 to 1.27; P = 0.62) (Fig. 2) .
Secondary Outcomes
For the prespecified composite outcome of death, nonfatal myocardial infarction, and stroke, the event rate was 20.0% in the PCI group and 19.5%
The New England Journal of Medicine Of 35,539 patients who were assessed for eligibility in the trial, 32,468 were excluded for a variety of reasons (patients could have more than one reason for exclusion). A total of 3071 patients met all inclusion criteria. Of these, 2287 (74%) consented to participate in the study (932 in Canada, 968 in U.S. Veterans Affairs facilities, and 387 in U.S. facilities other than Veterans Affairs hospitals). Of these patients, 1149 were randomly assigned to the PCI group and 1138 to the medicaltherapy group. The median followup was 4.6 years for both study groups.
The New England Journal of Medicine in the medical-therapy group (hazard ratio, 1.05; 95% CI, 0.87 to 1.27; P = 0.62) ( Table 3 and Fig. 2 ). The rates of hospitalization for acute coronary syndromes were 12.4% in the PCI group and 11.8% in the medical-therapy group (hazard ratio, 1.07; 95% CI, 0.84 to 1.37; P = 0.56), and adjudicated rates of myocardial infarction were 13.2% and 12.3%, respectively (hazard ratio, 1.13; 95% CI, 0.89 to 1.43; P = 0.33). For death alone, the rates were 7.6% and 8.3%, respectively (hazard ratio, 0.87; 95% CI, 0.65 to 1.16); the mortality curves for the two groups were virtually identical during the initial 4.6 years of the study. For stroke alone, the rate was 2.1% in the PCI group and 1.8% in the medical-therapy group (hazard ratio, 1.56; 95% CI, 0.80 to 3.04; P = 0.19). When the primary end point was calculated with the exclusion of periprocedural myocardial infarction, the event rates were 16.2% and 17.9% (hazard ratio, 0.90; 95% CI, 0.73 to 1.10; P = 0.29). At a median follow-up of 4.6 years, 21.1% of patients in the PCI group had additional revascularization, as compared with 32.6% of those in the medical-therapy group (hazard ratio, 0.60; 95% CI, 0.51 to 0.71; P<0.001). In the PCI group, 77 patients subsequently underwent CABG, as compared with 81 patients in the medical-therapy group. Revascularization was performed for angina that was unresponsive to maximal medical therapy or when there was objective evidence of worsening ischemia on noninvasive testing, at the discretion of the patient's physician. The median time to subsequent revascularization was 10.0 months (interquartile range, 4.5 to 28.0) in the PCI group and 10.8 months (interquartile range, 3.2 to 30.7) in the medical-therapy group.
There was a substantial reduction in the prevalence of angina in both groups during follow-up. There was a statistically significant difference in the rates of freedom from angina throughout most of the follow-up period, in favor of the PCI group (Table 2) . At 5 years, 74% of patients in the PCI group and 72% of those in the medicaltherapy group were free of angina (P = 0.35).
Subgroup Analyses
There was no significant interaction (P<0.01) between treatment effect and any predefined subgroup variable (Fig. 3) . Of note, among patients with multivessel coronary artery disease, previous myocardial infarction, and diabetes, the rate of the primary end point was similar for both groups. When subgroup variables were included in a multivariate analysis, the hazard ratio for treatment was essentially unchanged (1.09; 95% CI, 0.90 to 1.33; P = 0.77).
Dis cus sion
As an initial management strategy, PCI added to optimal medical therapy did not reduce the primary composite end point of death and nonfatal (8) 236 (23) 324 (39) 211 (49) 94 (8) 253 (25) 321 (38) 224 (54) Aspirin -no. (%) 1097 (96) 995 (95) 792 (95) 408 (95) 1077 (95) 977 (95) 796 (95) 391 (94) Betablocker -no. (%) 975 (85) 887 (85) 705 (84) 363 (85) 1008 (89) 916 (89) 724 (86) 357 (86) Calciumchannel blocker -no. (%) § 459 (40) 415 (40) 360 (43) 180 (42) 488 (43) 501 (49) 418 (50) 217 (52) Nitrates -no. (%) ¶ 714 (62) 553 (53) 396 (47) 173 (40) 825 (72) 690 (67) 511 (61) 237 (57) * Plus-minus values are medians ±SE, with the SE calculated with the use of the interquartile range. To convert cholesterol values to milli moles per liter, multiply by 0.02586. To convert triglyceride values to millimoles per liter, multiply by 0.01129. ACE denotes angiotensin converting enzyme, and ARB angiotensinreceptor blocker. † The comparison between the PCI group and the medicaltherapy group was significant at 1 year (P<0.001) and 3 years (P = 0.02) but not at baseline or at 5 years. ‡ This category includes at least 30 to 45 minutes of moderate activity five times per week or vigorous activity three times per week. § The comparison between the PCI group and the medicaltherapy group was significant at 1 year (P<0.001), 3 years (P = 0.005), and 5 years (P = 0.003). ¶ The comparison between the PCI group and the medicaltherapy group was significant at all time points (P<0.001). 1511 myocardial infarction or reduce major cardiovascular events, as compared with optimal medical therapy alone, during follow-up of 2.5 to 7.0 years, despite a high baseline prevalence of clinical coexisting illnesses, objective evidence of ischemia, and extensive coronary artery disease as seen on angiography. Although the degree of angina relief was significantly higher in the PCI group than in the medical-therapy group, there was also substantial improvement in the medical-therapy group. All secondary outcomes and individual components of the primary outcome showed no significant differences between the study groups, nor was there a significant interaction between treatment effect and any prespecified subgroup variable. For the primary outcome, the 95% CI excludes a relative benefit of more than 13% in the PCI group. Thus, it is highly unlikely that we missed a prognostically important treatment benefit in favor of the initial PCI strategy. * ACS denotes acute coronary syndrome, PCI percutaneous coronary intervention, and CABG coronaryartery bypass grafting. † The hazard ratio is for the PCI group as compared with the medicaltherapy group, and P values were calculated by the logrank test and are unadjusted for multiple variables. ‡ The definition of myocardial infarction was the finding of new Q waves at any time; a spontaneous creatine kinase MB fraction of at least 1.5 times the upper limit of normal or a troponin T or I level of at least 2.0 times the upper limit of normal; during a PCI procedure, a cre atine kinase MB fraction of at least 3 times the upper limit of normal or a troponin T or I level of at least 5.0 times the upper limit of nor mal, associated with new ischemic symptoms; and after CABG, a creatine kinase MB fraction or a troponin T or I level of at least 10.0 times the upper limit of normal. If periprocedural myocardial infarction is excluded from the primary outcome, the hazard ratio is 0.90 (95% CI, 0.73 to 1.10; P = 0.29). § Some patients had a nonfatal myocardial infarction before their subsequent death so that the number of deaths overall is greater than the number of deaths in the primary outcome analysis, which includes the time until the first event. ¶ Values exclude the initial PCI procedure in patients who were originally assigned to the PCI group. Our findings may be explained, in part, by differences in atherosclerotic plaque morphology and vascular remodeling associated with acute coronary syndromes, as compared with stable coronary artery disease. Vulnerable plaques (precursors of acute coronary syndromes) tend to have thin fibrous caps, large lipid cores, fewer smoothmuscle cells, more macrophages, and less collagen, as compared with stable plaques, and are associated with outward (expansive) remodeling of the coronary-artery wall, causing less stenosis of the coronary lumen. 36 As a result, vulnerable plaques do not usually cause significant stenosis before rupture and the precipitation of an acute coronary syndrome. 36 By contrast, stable plaques tend to have thick fibrous caps, small lipid cores, more smooth-muscle cells, fewer macrophages, and more collagen and are ultimately associated with inward (constrictive) remodeling that narrows the coronary lumen. These lesions produce ischemia and anginal symptoms and are easily detected by coronary angiography but are less likely to result in an acute coronary syndrome. 37, 38 Thus, unstable coronary lesions that lead to myocardial infarction are not necessarily severely stenotic, and severely stenotic lesions are not necessarily unstable. Focal management of even severely stenotic coronary lesions with PCI in our study did not reduce the rate of death and myocardial infarction, presumably because the treated stenoses were not likely to trigger an acute coronary event. Furthermore, our lower-than-projected In Panel A, the estimated 4.6year rate of the composite primary outcome of death from any cause and nonfatal myocardial infarction was 19.0% in the PCI group and 18.5% in the medicaltherapy group. In Panel B, the estimated 4.6year rate of death from any cause was 7.6% in the PCI group and 8.3% in the medicaltherapy group. In Panel C, the estimated 4.6year rate of hospitalization for acute coronary syndrome (ACS) was 12.4% in the PCI group and 11.8% in the medicaltherapy group. In Panel D, the estimated 4.6year rate of acute myocardial infarction was 13.2% in the PCI group and 12.3% in the medicaltherapy group.
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Rates of angina were consistently lower in the PCI group than in the medical-therapy group during follow-up, and rates of subsequent revascularization were likewise lower. However, there was a substantial increase in freedom from angina in patients in the medical-therapy group as well, most of which had taken place at 1 year but with a further improvement at 5 years. To what extent this finding reflects a benefit of specific The chart shows hazard ratios (black squares, sized in proportion to the number of subjects in a group), 95% CIs (horizontal lines), cumu lative 4.6year event rates for the composite primary outcome (death from any cause and nonfatal myocardial infarction) for the PCI group versus the medicaltherapy group for the specified subgroups, and P values for the interaction between the treatment effects and sub group variables. P values were calculated with the use of the Wald statistic. There was no significant interaction between treatment and subgroup variables as defined according to the prespecified value for interaction (P<0.01), although there was a trend for interaction with respect to sex (P = 0.03). PCI denotes percutaneous coronary intervention, CAD coronary artery disease, CCS Canadian Cardiovascular Society, CABG coronaryartery bypass grafting, and VA Veterans Affairs. antianginal medications (e.g., nitrates and betablockers) or a favorable effect of therapies such as statins on endothelial function and atherosclerosis is unclear. Our findings parallel those reported in recent trials, 39, 40 in which observed clinical-event rates that were associated with optimal medical therapy were lower than projected in the trial design. These results are also concordant with a metaanalysis of all previous trials involving PCI versus medical management. 16 In the aggregate, these studies, including our own, include outcome data on more than 5000 patients and show that PCI has no effect in reducing major cardiovascular events.
The preponderance of male patients (85%) is a limitation of our study, as is the lack of ethnic diversity (14% of the patients were nonwhite). We used bare-metal stents, since drug-eluting stents were not available until late during accrual. Although the latter factor may be perceived as a limitation, published data indicate no benefit (either short-term or long-term) with respect to death and myocardial infarction in patients with stable coronary artery disease who receive drugeluting stents, as compared with those who receive bare-metal stents. [41] [42] [43] [44] [45] [46] Our findings reinforce existing clinical practice guidelines, which state that PCI can be safely deferred in patients with stable coronary artery disease, even in those with extensive, multivessel involvement and inducible ischemia, provided that intensive, multifaceted medical therapy is instituted and maintained. 1,2 As an initial management approach, optimal medical therapy without routine PCI can be implemented safely in the majority of patients with stable coronary artery disease. However, approximately one third of these patients may subsequently require revascularization for symptom control or for subsequent development of an acute coronary syndrome.
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